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ZAPHIROPOULOS, Peter et al. 



Conf . : 



Int'l. Appl 



No. : 



PCT/SE99/01784 



Appl . No . : 



New 



Group: 



Filed: 



April 6, 2001 



Examiner : 



For: 



A NOVEL COMPONENT IN THE HEDGEHOG SIGNALLING 
PATHWAY 



PRELIMINARY AMENDMENT 



BOX PATENT APPLICATION 

Assistant Commissioner for Patents April 6, 2001 

Washington, DC 20231 

Sir: 

The following Preliminary Amendments and Remarks are 
respectfully submitted in connection with the above-identified 
application. 



IN THE SPECIFICATION: 

Please amend the specification as follows: 

Before line 1, insert — This application is the national 
phase under 35 U.S.C. § 371 of PCT International Application No. 
PCT/SE99/01784 which has an International filing date of October 
6, 1999, which designated the United States of America. — 



AMENDMENTS 



IN THE CLAIMS : 

Please amend the claims as follows: 



Docket No. 2921-0130P 



5. (Amended) A protein according to claim 1 or a nucleic 
acid according to claim 2 for use as a medicament. 

6. (Amended) Use of a protein according to claim 1 or a 
nucleic acid according to claim 2 in the manufacture of a 
medicament for the treatment of a condition involving tumors, 
such as BSS. 

7. (Amended) A method of in vitro or in vivo diagnosis, 
wherein a protein according to claim 1 or a nucleic acid 
according to claim 2 is used. 

11. (Amended) A vector comprising a nucleic acid according 
to claim 2 . 

15. (Amended) A kit for the detection of human PTCH2 gene 
or polypeptide comprising in a container a molecule selected from 
the group consisting of a nucleic acid according to claim 2, a 
protein according to claim 1 or an antibody according to claim 
13. 

16. (Amended) Use of a nucleic acid according to claim 2 in 
gene therapy. 
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REMARKS 

The specification has been amended to provide a cross- 
reference to the previously filed International Application. The 
claims have also been amended to delete multiple dependencies and 
to place the application into better form for examination. Entry 
of the present amendment and favorable action on the above- 
identified application are earnestly solicited. 

Attached hereto is a marked-up copy of the changes made to 
the application by this Amendment. 

If necessary, the Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 02-2448 for any additional 
fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17; 
particularly, extension of time fees. 

Respectfully submitted, 

BIRCH, STEWART, KOLASCH & BIRCH, LLP 

By /^AJk).J2P '^:^c Gisj 

Geral^M. Murphy, Jr., #28, 977 
P.O. Box 747 

GMM/cqc Falls Church, VA 22040-0747 

2921-0130P (703) 205-8000 

Attachment: Version With Markings Showing Changes Made 

(Rev. 01/22/01) 
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VERSION WITH MARKINGS SHOWING CHANGES MADE 

The specification has been amended to provide cross- 
referencing to the International Application. 

The claims have been amended as follows: 

5. (Amended) A protein according to claim 1 or a nucleic 
acid according to [any one of claims 2-4] claim 2 for use as a 
medicament . 

6. (Amended) Use of a protein according to claim 1 or a 
nucleic acid according to [any one of claims 2-4] claim 2 in the 
manufacture of a medicament for the treatment of a condition 
involving tumors, such as BSS. 

7. (Amended) A method of in vitro or in vivo diagnosis, 
wherein a protein according to claim 1 or a nucleic acid 
according to [any one of claims 2-4] claim 2 is used. 

11. (Amended) A vector comprising a nucleic acid according 
to [any one of claims 2-4] claim 2 . 

15. (Amended) A kit for the detection of human PTCH2 gene or 
polypeptide comprising in a container a molecule selected from 
the group consisting of a nucleic acid according to [any one of 
claims 2-4 ] claim 2 , a protein according to claim 1 or an antibody 
according to claim 13. 
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16. (Amended) Use of a nucleic acid according to [any one of 
claims 2-4 ] claim 2 in gene therapy. 
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BOX SEQUENCE 

PATENT 
2921-0130P 



IN THE U.S. PATENT AND TRADEMARK OFFICE 

Applicant: ZAPHIROPOULOS, P. et al. Conf.: 8337 

Appl.No.: 09/807,007 Group: Unassigned 

Filed: April 6, 2001 Examiner: Unassigned 

For: A NOVEL COMPONENT IN THE HEDGEHOG 

SIGNALLING PATHWAY 

AMENDMENT 

Assistant Commissioner for Patents July 9, 2001 

Washington, DC 2023 1 (Monday) 

Sir: 

In reply to the U.S. Patent Office Notice to Comply with Requirements for Patent AppHcations 
Containing Nucleotide Sequence and/or Amino Acid Disclosures dated May 8, 2001, the following 
amendments and remarks are respectftilly submitted in connection with the above-identified application. 



IN THE SPECIFICATION: 

Please replace the paragraph begirming on page 5, line 22 with the following amended 
paragraph; 

—Figure 2A discloses an amino acid sequence comparison of the human PTCH2 
(residues 1-633 of SEQ ID NO:l)(upper lines) and PTCHl (residues 1-699 of 
SEQ ID NO: 6) (lower lines) sequences.-- 



Application No. 09/807,007 
Please replace the paragraph beginning on page 5, line 24 with the following amended 
paragraph: 

-Figure 2B is a representation of the alternative splicing events (SEQ ID N0S:7, 
8, 9, 10, 1 1, 12, 13, 14, 15 and 16) that result in different C-termini.-- 



Please replace the paragraph beginning on page 18, line 8 with the following amended 
paragraph: 

— Detailed description of the drawings 

Figure 1 shows the genomic sequence of SEQ ID NO: 5, wherein exons and 
introns are designated in the genomic sequence of the present human patched 2 
gene. However, exons 12a and 12b discussed above are not specifically shown in 
Figure 1, but is instead disclosed as the separate sequences SEQ ID N0:3 and 
SEQ ID N0:4, respectively. Figure 2A discloses an amino acid sequence 
comparison of the human PTCH2(residues 1-633 of SEQ ID N0:1) (upper lines) 
and PTCHl (residues 1-699 of SEQ ID N0:6) (lower lines) sequences. Vertical 
lines indicate identical amino acids, while dots similar amino acids. The PTCH2 
sequence presented is composed of the original cDNA clones and of the products 
of the 5' RACE analysis.- 



Please replace the paragraph beginning on page 1 8, line 19, with the following amended 
paragraph: 
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Application No. 09/807,007 
-Figure 2B is a representation of the alternative splicing events (SEQ ID N0S:7, 
8, 9, 10, 1 1, 12, 13, 14, 15 and 16) that resuh in different C-termini. In the parotid 
gland and the colon, the penultimate and the last exon are canonically joined 
together. In fetal brain however the penultimate exon with part of the 3' intron 
fimctions as the terminal exon. The intronic sequence is shown by small letters with 
the flanking exonic by capital letters. Above the nucleotide sequence, the deduced 
amino acid sequence is shown, and below is the corresponding sequence of the 
mouse Ptch2. The conserved intronic dinucleotides are shown by bold letters and the 
termination signals are indicated by asterisks. Note the absence of conservation of 
the position of the termination codons between the mouse and human PTCH2 
sequences. The putative polyadenylation signals are also shown in this diagram. The 
genomic organization was obtained by analyzing BAC clones encompassing the 
PTCH2 gene.- 



Please replace the Sequence Listing filed April 6, 2001 located immediately after the 
claims with Substitute Sequence Listing enclosed herewith. 



REMARKS 

Enclosed herewith in full compliance to 37 C.F.R. §§1.821-1.825 is a substitute Sequence 
Listing to be inserted into the specification as indicated above. The substitute Sequence Listing 
in no way introduces new matter into the specification. 
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Also submitted herewith in Ml compUance to 37 C.F.R. §§1 .821-1.825 is a disk copy of the 
substitute Sequence Listing. The disk copy of the substitute Sequence Listing, file "2921- 
0130P.ST25", is identical to the paper copy, except that it lacks formatting. 

The substitute Sequence Listing includes the sequences disclosed in the figures as filed 
that were not made part of the original Sequence Listing. The amendments to the Specification 
are being made to reference the sequences by their SEQ ID NOS. These amendments are 
editorial in nature and do not constitute new matter. 

Entry of the above amendments is earnestly solicited. An early and favorable first action 
on the merits is earnestly solicited. 

If necessary, the Commissioner is hereby authorized in this, concurrent, and future 
replies, to charge payment or credit any overpayment to Deposit Account No. 02-2448 for any 
additional fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17; particularly, extension 
of time fees. 



Respectfully submitted. 




GMM/KW 
2921-0130? 



P.O. Box 747 

Falls Church, VA 22040-0747 
(703) 205-8000 



Attachments: Paper and disk copy and of Sequence Listing 
Copy of Notice to Comply 
Version with Markings to Show Changes Made 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 



The paragraph beginning on page 5, line 22 has been amended as follows: 

-Figure 2A discloses an amino acid sequence comparison of the human PTCH2 (residues 1-633 
Of SEQ ID NO:l) (upper lines) and PTCHl (residues 1-699 of SEQ ID N0:6) - (lower lines) 
sequences. — 

The paragraph beginning on page 5, line 24 has been amended as folllows: 

—Figure 2B is a representation of the alternative splicing events (SEQ ID N0S:7, 8, 9, 10, and 1 1) 
that result in different C-termini.- 

The paragraph beginning on page 18, line 8 has been amended as follows: 
- Detailed description of the drawings 

Figure 1 shows the genomic sequence of SEQ ID N0:5, wherein exons and introns are designated 
in the genomic sequence of the present human patched 2 gene. However, exons 12a and 1 2b 
discussed above are not specifically shown in Figure 1 , but is instead disclosed as the separate 
sequences SEQ ID N0:3 and SEQ ID N0:4, respectively. Figure 2A discloses an amino acid 
sequence comparison of the human PTCH2 (residues 1-633 Of SEQ ID N0:1) (upper lines) and 
PTCHl (residues 1-699 of SEQ ID N0:6) (lower lines) sequences. Vertical lines indicate identical 
amino acids, while dots similar amino acids. The PTCH2 sequence presented is composed of the 
original cDNA clones and of the products of the 5' RACE analysis.— 

The paragraph beginning on page 18, line 19, has been amended as follows: 

-Figure 2B is a representation of the alternative splicing events (SEQ ID N0S:7, 8, 9, 10, 11, 12, 
13, 14, 15 and 16) t hat result In different C-termini. In the parotid gland and the colon, the 
penultimate and the last exon are canonically joined together. In fetal brain however the 
penultimate exon with part of the 3' intron functions as the terminal exon. The intronic sequence is 
shown by small letters with the flanking exonic by capital letters. Above the nucleotide sequence, 
the deduced amino acid sequence is shown, and below is the corresponding sequence of the mouse 
Ptch2. The conserved intronic dinucleotides are shown by bold letters and the termination signals 



are indicated by asterisks. Note the absence of conservation of the position of the termination 
codons between the mouse and human PTCH2 sequences. The putative polyadenylation signals 
are also shown in this diagram. The genomic organization was obtained by analyzing BAG clones 
encompassing the PTCH2 gene.-- 
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A NOVEL COMPONENT IN THE HEDGEHOG SIGNALLING PATH'WAY 
Techaical field 

The present invention relates to novel molecules, suet as proteins, polypeptides and 
5 nucleotides, involved in tbe hedgehog signalling pathway with putative involvement 



novel advantageous uses of the molecides according to the invention, e.g. in di- 
agnosis and therapy. 

-=10 BackgToxmd 

In the study of the development of cells, fruit flies have extensively been used as a 
!_ model, as they are less complex than mammalian cells. 

Pattern formation takes place through a series of logical steps, reiterated many times 

15 during the development of an organism. Viewed from a broader evolutionary per- 
X spective, across species, tine same sort of reiterative pattern formations are seen. The 

-I- central dogma of pattern formation has been described (Lawrence and Struhl, 1996). 
Three interlocking and overlapping steps are defined. Firstly, positional information 
in the form of morphogen gradients allocate cells into non-ovdrlapping sets, each set 

20 fomiding a compartment. Secondly, each of these compartments acquire a genetic 
address, as a result of the function of active "selector" genes!, that specify cell fate 
within a compartment and also instruct ceils and their descendants how to commu- 
nicate with ceDs in neighboring compartments. The titird step involves interactions 
between cells in adjacent compartments, initiating new morphogen gradients, which 

25 directiy organize the pattern. j 

Taking these steps in greater detail, one finds the first step ih patteraing to be the 
definition of sets of cells in each primordiura. Cells are allocated according to their 
positions with respect to both dorsoventral and anterior/posterior axes by morpho- 
30 gen gradients. Allocation of cells in the dorsoventral axis constitutes the germ lay- 
ers, such as mesoderm or neurectoderm. 



id embryonic development and carcinogenesis. The invention also relates to various 
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In segmentation, tlie second step (the specification of cell fate in each compartment) 
is carried out by the gene engrailed and elements of the bithorax complex. Engi-ai- 
led defines anterior and posterior compartments botii in segmentation and in limb 
specification. 

The third step in pattern fonnation, secretion of morphogens, functions to differen- 
tiate patterns within compartments (and thereby establish segment polarity). Initial- 
ly, all cells witliin a compartment are eqaipotent, but they jbecome diversified to 
form pattern. Pattern foimation depends on gradients of morphogens, gradients ini- 
tiated along compartment bonndaries. Such gradients are established by a short- 
range signal induced in all the cells of the compartment in which the above mentio- 
ned selector gene engrailed is active. For segment polarity, this signal is Hedgehog. 
In, the adjacent compartment the selector gene is inactive, ensuring that the cells are 
sensitive to the signal. The Hedgehog signal range is probably only a few rows of 
cells wide; responding cells become a linear source of a longjrange morphogen, that 
diffuses outward in all directions. There are three known Hedgehogs, Sonic (SHH), 
Indian (IHH) and Desert (DHH). The proteins they encode 'can substitute each for 
each other, but in wildtype animals, their distinct distributions result in unique acti- 
vities. SHH controls the polarity of limb growth, directs the development of neurons 
in the ventral neural tube and patterns sonuties, IHH controls endochondral bone 
development and DHH is necessary for spermiogenesis. Vertebrate hedgehog genes 
are expressed in many other tissues, including the peripheral nervous system, brain, 
lung, liver, kidtiey, tooth primordia, genitalia and hindgut and foregut endoderm. 

Thus, segment polarity genes have been identified in flies as mutations, which 
change the pattern of structures of tlie body segments. Mutations in these genes cau- 
se animals to develop the changed patterns on the surfacesiof body segments, tiie 
changes affecting the pattern along Ute head to tail axis. Foi; example, mutations in 
the gene patched cause each body segment to develop without the normal structmes 
in the center of each segment. Instead there is a mirror image of the pattern normally 
found in the anterior segment. Thus, cells in the center of the segment make the 
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wrong structures, and point tiiem in the wrong dixection witH reference to the over 
ai! head-to-tail polarity of the animal. - I 

Abcut sixteen genes in the class are known. The encoded proteins include kinases, 
5 transcription factors, a cell junction protein, two secreted proteins called wingless 
(WG) and the above mentioned Hedgehog (HH), a single transmembrane protein 
called patched (PTC) and some novel proteins not related to any known protein. All 
of these proteins are beleived to work together in signaling [pathways that inform 
_ cells about their neighbors in order to set cell fates and polarities. 

|0 I 

2J PTC has been proposed as a receptor for HH protein based on genetic experiments 

in flies. A model for the relationship is that PTC acts through a largely unknown 
O pathway to inactivate both its own transcription and the transcription of the wingless 

segment polarity gene. This model proposes that HH protein, secreted from adjacent 
'=15 cells, binds to the PTC receptor, inactivates it and thereby prevents PTC fiom tur- 
p ning off its own transcription or Hmt of wingless. A numbet of experiments have 

shown coordinate events between PTC and HH. 

Human patched gene (PTCH) was recently identified as the gene responsible for the 
20 nevoid basal cell carcinoma syndrome (NBCCS), also known as the Gorlin Synd- 
rome, which, is an autosomal dominant disorder that predisposes to both cancer and 
developmental defects (Gorlin (1995) Dermatohgic Clinics 13:113-125) characteri- 
zed by multiple basal cell carcinomas (BCCs), meduHoblastomas and ovarian fib- 
romas as well as numerous developmental anomaEties (Hahn, H., Wicking, C, 
25 Zaphiropoulos, P.O., Gailani, M.R., Shanley, S., Chidambaram, A., Vorecliovsl^, 
I„ Holmberg, E., Unden, A.B., Gillies, S., Negus, K., Sraytli, I., Pressman, C, Lef- 
fell, D.T, Gerrard, B., Goldstein, A.M., Dean, M., Toftgard, R., Clienevix-Trench, 
G., Wainright, B. and Bale, A.E. (1996): "Mutations of the humaix homolog of Dro- 
sophiia patched in the nevoid basal cell carcinoma syndrome", Cell 85, 841-851; 
30 and Johnson, RX., Rothman, A.L., Xie, J., Goodrich, Bare, J.W., Bonifas, 

J.M., Quinn, A:G., Myers, R_M„ Cox, D.R., "Epstein, E.H. Jr and Scott, M.P. 
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(1996): "Human homolog of patched, a candidate gene for the basal cell nevus 
syndrome". Science 272, 1668-1671). PTCH codes for a membrane receptor of the 
autolytically cleaved (protein spliced), amino terminal domain of sonic hedgehog 
(SHH) (Mariago, V., Davey, RA., 2uq, Y., Cunmnghain^ , J.M. and Tabin, C.J. 
(1996): "Biochemical evidence that patched is the Hedgehog receptor". Nature 384, 
176-179; and Stone, D.M., Hynes, Armanini, M., Swanson, T.A., Gu, John- 
son, R.L., Scott, M.P., Pennica, D., Goddard, /L, Phillips, H., NoU, M., Hooper, 
J-E., de Sauvage, F. and Rosenthal, A. (1996): "The tumor-suppressor gene patched 
encodes a candidate receptor for Sonic hedgehog". Nature 384, 129-134). In the 
non-signalling State, PTCH is thought to inhibit the consecutive signalling of 
another membrane protein, smoothened (SMO), however binding of SHH to PTCH 
releives this inhibition (Goodrich, L,V., Milenlcovic, L., Higgins, K-M. and Scott, 
jyj p_ (1997): "Altered neural cell fates and mednllablastom in mouse patched mu- 
tants". Science 277, 1109-1113). This cascade of signallmg events, best characteri- 
zed in Drosophila, also involves a number of mtracellular components including ^- 
sed (a serine threonine kinase), suppressor of fused, costal 2, and asbiivs intermp- 
tus (Ruiz i Altaba, A.,: "Catching a GH-mpse of Hedgehog" (1997) CeU 90, 193- 
196). The latter is a transcription factor that positively regulates the expression of 
target genes which also include PTCH itself. 

Mutations in the PTCH gene have been identified in both sporadic and familial 
BCCs (Gailani, M.R., Stahle-Backdahl, M., Leffell, DJ., Glynn, M., Zapbhopou- 
los, Pressman, C, Unden, A.B., Dean, M., Brash, D. E., Bale, A.E, and Toft- 
gard, R. (1996): "The role of human hcmologue of Drosophila patched in sporadic 
basal cell carcinomas" Nature Genet. 14, 78-81). The lack of the normal PTCH 
protein in these cells aUows the constitutive signalHng of SNiO to occur,_resulting in 
the accumulation of mntant PTCH raRNAs (Unden, B. A., Zaphiropolous, P.G., 
Bruce, K., Toftgard, R, and Stlhle-Backdahl, M. (1997): "Human patched (PTCH) 
mRNA is overexpressed consistently in tumor cells of boih familial and sporadic 
basal cell carcinoma", Cancer Res. 57, 2336-2340). ; 
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WO 96/1 1260 discloses the isolation of patched genes and tlie use-of the PTC pro- 
tein to identify ligands, other than the established iigand Hedgehog, that bind the- 
reto. 

However, tiiere is still a need of a further imderstanding of the SHH/PTCH cell sig- 
nalling, which may be provided by disclosure of further genes; peptides and proteins 

involved therein. ' 

I 

Summary of the invention ^ 
The present invention provides a significant step forward regarding the understan- 
ding of the above described pathway. By a combination of cDNA library and RACE 
analysis a novel human. paiched-Y)kc gene (PTCH2) has been cloned and sequen- 
ced. Several alternatively spliced raRNA forms of PTCH2 have been ideintified, 
including transcripts lacking segments thought to be involved in sonic hedgehog 
(SHH) binding and mRNAs with differentially defined 3' terminal exons- Accor- 
dingly, the invention relates' to isolated such mRNAs as well as to cDNAs comple- 
mentary thereto. 

Brief description of the drawings 

Figure 1 shows the genomic sequence of SEQ ID N0:5, wherein exons and introns 
are designated in, the genomic sequence of the novel human patched 2 gene. 
Figure 2A discloses an ainino acid sequence comparison of the human rTCH2 
(upper lines) and PTCHl (lower lines) sequences. 

Figure 2B is a representation of the alternative splicing events that result in diffe- 
rent C-tenmni. 

Figure 2C is a representation of the different variations of bphced transcripts en- 
compassing exon 1 and exon 2 sequences. 

Figure 3A is a dark-field photomicrograph of a BCC tumor hybridised with ^^S- 
labeled antisense probe showing abundant signal for PTCHl mRNA (light grains) in 
all BCC tumor cells. 
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Figure 3B discloses PTCH2 mRNA overexpression in BCC and is- in contrast ma- 
inly expressed in the basaloid cells in the periphery of the tumpr nests. 
Figure 3C is another BCC showing a strong PTCH2 mRKA signal in the periphery 
of the tumor nest (Tu), wheras no signal is detected in epidermis (Ep). 
Figure 3D are sections of the same tumor (C) hybridised witii the PTCH2 sense 
probe showed no signal. • : 

Figure 3E shows inrnninoreactivity for Ki-67. 

Figure 3F discloses how tumor nests trader high power magnification demonstrate 
abundant PTCH2 mRNA signal (black grains) in the dark basaloid tumor cells and 
lower signal in the center (arrow). 



The terms "polypeptide", "peptide" and "protein" are used interchangeably herein 
to refer to a polymer of amiao acid residues. The terms apply to amino acid poly- 
mers in which one or more amino acid residue is an artificial chemical analogue of a 
corresponding naturally ocgurring amino acid, as well as to naturally occurring 
arahio acid polymers. 

The terms "isolated" "purified" or "biologically pure" refer to material which is 
substantially or essentially free from components which normally accompany it as 
found in its native state. j 

I 

The term "nucleic acid" refers to a deoxyribomicleotide or ribonucleotide polymer 
in either single- or double-stranded form, and unless otherwise limited, encom- 
passes kaown analogs of natural nucleotides that can frmction in a similar manner as 
naturally occurring nucleotides. | 

A "label" is a composition detectable by spectroscopic, photochemical, biochemi- 
cal, immunochemical, or chemical means. For example, usefiii labels include '^^P, 
fluorescent dyes, electron-dense reagents, enzymes {e.g., as sommonly used ia a 
ELISA), biotin, dioxigenin, or haptens and proteins for which antisera or mono- 
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clonal antibodies are available (e.g., the peptide of SEQ ID N0:1 caa be made de- 
tectable, e.g., by incorporating a radio-label into the peptide, and used to detect an- 
tibodies specifically reactive with the peptide). 

I 

5 As tised herein a "nucleic acid probe" is defined as a nucleic acid capable of binding 
to a target nucleic acid of complementary sequence through | one or more types of 
chemical bonds, usually through coin.plementar>^ base pairing, usually through hy- 
drogen bond formatian. As used herein, a probe may includel natural (Le. A, G, C, 
or T) or modified bases (T-deazaguanosine, inosine, eic.) In addition, the bases in a 
JO probe may be joined by a linkage other than a phosphodiestjer bon4 so long as it 
-~ does not interfere with hybridisation. Thus, for example, prob 2S may be peptide nu- 
cleic acids in which the constituent bases are joined by peptide bonds mther that 
phosphodiester linkages. It will be imderstood by one of skiUj in the art tliat probes 
may bind target sequences lacking complete complementarity witli the probe se- 
-15 quence depending upon the stringency of the hybridisation conditions. The probes 
are preferably directly labeled as with isotopes, chromophores, lumiphore, chromo- 
gens, or indirectly labeled such as with biotin to which a streptavidin complex may 
later bind. By assaying for the presence or absence of the probe, one can detect the 
presence or absence of the selct sequence or subsequence. | 

20 

A "labeled nucleic acid probe" is a nucleic acid probe that is bound, either cova- 
iently, through a linker, or through ionic, van der Waals or hydrogen bonds to a la- 
bel such that the presence of the probe may be detected by detecting the presence of 
the label bound to the probe. 

25 ! 

The term "target nucleic acid" refers to a nucleic acid (often derived from a biologi- 
cal sample), to which a nucehc acid probe is designed to specifically hybridise. It is 
either the presence or absence of the target nucleic acid that is|to be detected, or the 
amount of the target nucleic acid that is to be quantified. The target nucleic acid has 

30 a sequence that is complementary to the nucleic acid sequence of the corresponding 
probe directed to the target The term target nucleic acid may refer to the specific 
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subsequence of a larger nucleic acid to which the probe is directed or to tiie ovarall 
sequence (e.g., gene or inRNA) whose expression level it is desired to detect. The 
difference in usage will be apparent from context. 

The term "recombinant" when used with reference to a cell, or nucleic acid, or 
vector, indicates that the cell, or nucleic acid, or vector, has been modified by the 
introduction of a heterologous tiucleic acid or the alteration of |a native nucleic acid, 
or that the ceil is derived froni a cell so modified. ' 



The term "identical" in the context of two nucleic acids or polypeptide sequences 
refers to the residues in the two sequences which are the same when aligned for 
raaximum correspondence. Optimal alignment of sequences for comparison can be 
conducted, e.g., by the local homology algorifh of Smith and Watemian (19S1) Adv. 
Appl. Math 2: 482, by the homology alignment algorithm of Needleman and 
Wunsch (1970) J. Mai. Biol. 48:443, by the search for similarily method of Pearson 
and Lipman (1988) Proc. Natl Acad. ScL USA S5: 2444, by computerized imple- 
mentations of these algorithms (GAP, GESTFIT, FASTA, andlTFASTA in the Wis- 
consin Genetics Software Package, Genetics Computer Group, 575 Science Dr., 
Madison, WI) or by inspection. The BLAST algorithm perforins a statistical analy- 
sis of the similarity between two sequences; see e.g., Karlia and Altschul (1993) 
Proc, Nat 1 Acad ScL USA 90: 5873-5787. 

I 

The term "substantial identity" or "substantial similarity" in the context of a poly- 
peptide indicates that a polypeptides comprises a sequence with at least 70% se- 
quence identity to a reference sequence, or preferably 80%, or more preferably 85% 
sequence identity to the reference sequence, or most preferably 90% identity over a 
comparison window of about 10-20 amino acid residues. An indication that two 
polypeptide sequences are substantially identical is that one pjeptide is Lmmunologi- 
cally reactive with antibodies' raised against the second peptide. Thus, a polypeptide 
is substantially identical to a second polypeptide, for example, where the two pep- 
tides differ only by a conservative substitution. 
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An iiidication that two nucleic acid sequences are substantially identical is that tlie 
polypeptide which the first nucleic acid-encodes is immunologically cross reactive 
with the polypeptide encoded by tlie second nucleic acid. Anotiicr indication that 
two nucleic acid sequences are substantially identical is that the two molecules hy- 
bridise to each other under stringent conditions. 

The phrase "hybridising specifically to", refers to the binding, duplexing, or hy- ' 
bridising of a molecule only to a particular nucleotide sequence under stringent 
conditions when tirat sequence is present in a complex mixture {e.g., total cellular) 
DNA or RNA. The term "stringent conditions" refers to conditions under which a 
probe will hybridise to its target subsequence, but to no other sequences. Stringent 
conditions are sequence-dependent and will be different in different circumstances. 
Longer sequences hybridise specifically at higher temperatures. Generally, stringent 
conditions are selected to be about S'C lower tiian the tl^ermal melting point ™ for 
the specific sequence at a defined ionic strength and pH. The Tm is the temperature 
(under defined ionic strength, pH, and nucleic acid concentration) at which 50% of 
the probes complementary to the target sequence hybridise to the target sequence at 
equilibrium. (As the target sequences are generally present m excess, at Tm, 50% of 
the probes are occupies at equilibrium). Typically, stringent conditions will be those 
in which the salt concentration is less &aii about I.O M Na ion, typically about 0.01 
tol.O M Na ion concentration (or other salts) at pH 7.0 to 8.3 and the temperature is 
at least about jG°C for whort probes (e.g., 10 to 50 nucleotides) and at least about 
60°C for long probes (e.g., greater than 50 nucleotides). Stringent conditions may 
also be achieved vnih the addition of destabilizing agents suck as formamide. 

The teim "antibody" refers to a polypeptide substantially encoded by an immuno- 
globulin gene or immtmoglobulin genes, or fi-agments theijeof which specifically 
bind and recognize an analyte (antigen). 
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A "diimeric antibody" is an antibody molecule in which (a) the constaivt: region, or 
a portion tliereof, is altered, replaced or -exchanged so tliat die aatigen binding site 
(variable region) is linked to a constant region of a different or altered class, effector 
fiinction and/or species, or an entirely different molecule whicli confers new prop- 
5 erties to the cMmeric antibody, e.g., an enzyme, toxin, hormone, growth factor, 
drug, eic; or (b) tlie variable region, or a portion thereof^ is altered, replaced or ex- 
changed with a variable region having a different or altered antigen specificity. 

The tenn "immunoassay" is an assay that utilizes an antibody to specifically bind an 
7 10 analyte. The immnnoassay is characterized by the use of specific binding properties 
of a particular antibody to isolate, target, and/or quantify the analyte. 

The pluases "specifically binds to a protein" or "specifically limmunoreactive with", 
s_ wlien referring to an antibody refers to a binding reaction wliich is determinative of 

15 the presence of the protein in the presence of a heterogeneous population of proteins 
and other biologies. Thus, under designated immunoassay clnditions, the specified 
antibodies bind preferentially to a particular protein and do ikot bind in a significant 
amoimt to otlier proteins present in the sample. Specific binding to a protein under 
such conditions requires an antibody that is selected for its specificity for a particu- 

20 lar protein. A variety of immunoassay formats may be used h select antibodies spe- 
cifically immunoreactive with a particular protein. For exarnple, solid-phase ELISA 
immunoassays are routinely used to select monoclonal antoibodies specifically im- 
munoreactive with a protein. See haxlow and Lane (1988) Antibodies, A Laboratory 
Manual, Cold Spring Harbour Publications, New Yoiic, for a description of immu- 

25 noassay formats and conditions that can be used to determine specific immunoreac- 

tivity. I 

1 

i 

A "gene product", as used herein, refers to a nucleic acid whose presence, absence, 
quantity, or nucleic acid sequence is indicative of a presence, absence, quantity, or 
30 nucleic acid composition of the gene. Gene products thus include, but are not lim- 
ited to, and mRMA transcript acDNA reverse transcribed from an mRNA, and RNA 
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transcribed from that cDNA, a DNA amplified from the cDNj^ an RNA"traiiscribed 
from the amplified DNA or subsequences of any o£ these niicieic acids. Polypep- 
tides expressed by tl\e gene or subsequences diereof are also gene products. The 
particular type of gene product will be evident from the context of the usage of tlie 
5 temi. j 

A "modified drug" means a compound, which retains the pharmaceutical properties 
of the original drug or active substance while the structure thereof has been modifi- 
ed. Further, encompassed by the term "drug" are also compounds useful in diagnos- 
;30 tic methods by their specific binding properties. ^ 

2f Detailed description of the invention 

O In a first aspect, the present invention relates to an isoiatedj human protein, or an 
analogue or a variant thereof, capable of participating in the human PTCH/SHH 
1J5 pathway during embryonic development andyor carcmogeneiis, such as basal cell 
O carcinoma. The novel protein according to the invention is encoded by a novel gene, 
2; which isolated nucleic acid is described in detail below and which is denoted pat- 
N= ched 2 (PTCH2) due to its sunilarities with patched 1 (PTCHl). Accordingly, the 
protein according to the invention exliibits substantial differences in sequence and 
20 fimctions when compared to human PTCHlprotein, The protein according to the 
invention is best characterized by its functions wliich when compared to human 
PTCHl are similar but distinct therefrom in certain ways, more specLfi.caliy disclo- 
sed below in the section "Results and discussion". The novel human PTCH2 protein 
according to the invention is also distinct from the previously isolated mouse 
25 PTCH2. Thus, in the preferred embodiment thereof, it comprises a substantial part 
of the amino acid sequence disclosed in SEQ ID NO: 1 and I submitted to the Gen- 
Bank under protein id no AAD 17260.1. even though it is to pe understood that the 
present invention encompasses any fragment, analogue or variant thereof exhibiting 
the biological functions of the PTCH2 protein disclosed herein. Thus, preferably, 
30 the present protein comprises at least about LOGO, more preferably at least about 
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1040 and most preferably essentially all of the amino acids of the sequence denoted 
SEQ ID NO : 1, such as about 1 1 00. - , 

The proteins according to the invention are easily prepared by someone skilled in 
this field by recombinant DNA techniques using the molecules disclosed below or 
any synthetic mediod {see e,g, Barany and MexriiSeld, Solid-Phase Peptide synthe- 
sis, pp. 3-284 in The Peptides: Analysis, Synthesis, Biology, Vol. 2: Special 
Methods in Peptide synthesis. Part A, Menifield et a!., J. A^pi. Chem. Soc, 2149- 
2156). ' 

The present invention also relates to the use of the peptides, polypeptides and pro- 
teins disclosed herein as lead compounds in methods aimed at finding novel sub- 
stances, Le. modified drugs, such as substances exhibiting eqiiivalent or even more 
advantageous properties than die lead compounds as suck Suqh modified drugs may 
also be designed by methods of combinatorial chemistry, wherein a stmctujally si- 
milar compound is specifically designed e.g. by aid of computers. Alternatively, die 
present modified drug is identidied by screening of a library of candidate compo- 
unds, e.g. using an antibody according to the invention, hi the present context, it is 
to be understood that when such a modified drug has been identified, it is possible 
to produce it by any other suitable technique. The invention also relates to proteo- 
mic methods wherein the present molecules are used as weU as to such a use per se. 

A second aspect of the present invention is a nucleic acid encoding a proteii\, an 
analogue or a variant thereof as defined above, that is, the protein coding region of 
the novel human isolated PTCH2 gene. The PTCH2 gene is 57% identical to 
PTCHl and 91% identical to the published mouse Ptchl seqlience (see Motoyama 
et ai, (1998), supra). Thus, preferably, the nucleic acid according to die present in- 
vention comprises at least about 3000 bases, more preferably at least about 3094 ba- 
ses and most preferably essentially all of the sequence denoted SEQ ID NO: 2. 
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h\ a specific aspect, the present invention relates to the isolated -human genomic 
PTCH2 nucleic acid comprising parts or-all of tiie genomic sequence denoted SEQ 
ID NO: 5, In the disclosure of the genomic sequence shown in Fig 1, the 
exon/intron structure of the present gene is shown. Further toi the exons shown the- 
5 rein, exon 12a and 12h has also been identified, as specifically defined by SEQ ID 
N0:3 and SEQ ID N0:4, respectively. Interestingly, there is a splice variant that 
joins exoi; I2a to a 3' segment of exon 12b with conservation of the intronic GT- 
AG dinncleotides. Exons 12a and 12b are not variants, but the actual exons of the 
gene identified by sequencing the corresponding genomic region. (Materials and 

iO methods were as discribed beloow). Accordingly, these findings show that PTCH2 
has the same inlron/exon structure organization as PTCHl. In another embodiment 
of this aspect, tiie present invention relates to a transcript that has skipped only one 

- of the exons 9 and 10 defined in Fig 1. In an alternative embodimemt, the transcript 
according to the invention has skipped both of exon 9 and loJ The splice variants of 

15 the present gene are discussed in more detail below in the sejction "Results", all of 

-J- which are included within the scope of the present invention. This aspect of the in* 
vention advantageously enables design of suitable PGR primers, which in turn 
enables screening for mutations of all of the coding sections thereof, e.g. by SSCP 
analysis, sequencing, or any other suitable method known to s|omeone skilled in this 

20 field. Thus, the novel human PTCH2 gene according to the invention has been loca- 
lized by radiation hybrid mapping to chromosome lp32-35 with D1S211 and WI- 
1404 as closest flanking markers and v^-ith an estimated localization 5.5cR from 
D1S443. This region is often lost by LOH in various different tumor types, such as 
neuroblastoma, melanoma, breast cancer, colon cancer etc. Accordingly, PTCH2 is 

25 a candidate for a tumor suppressor gene in this region and die .present invention also 
encompass diagnostic methods based on this new disclosure. 1 
To this chromosomal region, three cancer predisposition syndromes have also been 
mapped, namely, familial melanoma CMMl, modifier locus 'for fa:nilial adenoma- 
tous polyposis hMoml and Michelin Tire Baby Syndrome. PTCH2 is ftuther a can- 

30 didate for the gene behind these heritary syndromes. The present molecules are the- 

i 
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refore advantageously used in the context of these conditions!, e,g, in tlierapy and/or 
diagnosis, such as in assays. ' ' 

! 

Further, the invention also relates to various PGR primers based on intronic sequen- 
ces, allowing amplification of all coding sequence. Such primers are advantageously 
used for mutation screening. - S 

Further, the present invention also relates to the any isolated imcleic acid capable of 
specifically hybridising to a nucleic acid according to the ia\ entioii. In addition, the 
invention also relates to such an isolated nucleic acid which comprises one o more 
mutations compared to the genomic sequence as well as the lise of the novel isolated 
nucleic acids, e.g. to identify mutations for diagnostic and/or therapeutic purposes. 

Further embodiments of this aspect of the invention includes nucleic acid probes, 

e-g. DNA probes, labelled nucleic acids, cDNAs, RNAs eic^., that is, all gene pro- 

I 

ducts obtainable by someone skilled in this field based on tbe novel isolated human 
PTCH2 gene. 

Another aspect of the invention is a nucleic acid corresponding to any one of tlie 
splicing variants disclosed in Figure 2B , a protein or polypeptide encoded thereof 
as well as various uses thereof ! 



As regards tlie preparation of nucleic acids according to the invention, any suitable 
recombinant DNA technique or synthetic method may be uised. (For general labo- 
ratory procedures useful in this context, see e.g. Sambrookj el al.. Molecular Clo- 
ning, A Laboratory Manual, 2"'^ ed.. Vol. 1-3, Cold Spring Harbor Laboratory, Cold 
Spring Harbor, NY, 1989; Berger and Kiratnel, Guide to Mjolecular Cloning Tech- 
niques, Methods in Enzymology, Vol. 153, Academic Press, Inc., San Diego, CA; 
Current Protocols iu Molecular Biology, F.M. Ausbel et a/.,ieds„ Cmxent Protocols 
(1994)). 1 
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A further aspect of the present invention is a vector compxising a nucleic acid as de- 
fined above. Vectors are e.g. useful for transforming cells in 'vitro or in vivo to ex- 
press the proteins and peptides accorditig to the invention and may e.g be plasmids, 
vinises etc. 

Another aspect of the invention is a recombinant cell, such as a eucaryotic, e.g, a 
mammalian cell, or a procaiyotic cell, e.g. a bacteria, comprising a vector as defined 
above. Such cells may e.g. be used to monitor expression levels of the proteins and 
polypeptides accordiug to the invention in a wide variety of contexts. For example, 
when the effects of a drug is to be determined, the drug will be administered to the 
transformed organism, tissue or cell. Accordingly, model systems tacluding such 
cells are another aspect of tite invention. ! 

A further aspect of the invention is an antibody, such as a monoclonal or polyclonal 
antibody, which specifically binds to a protein or polypeptide according to the in- 
vention. An exemplary immunoglobulin (antibody) stmctural unit comprises a te- 
tramer. Each tetramer is composed of two identical pairs of polypeptide chains, each 
pair having one "light" (about 25 kD) and one "heavy" chain (about 50-70 IcD). The 
N-terminus of each chain defines a variable region of about 100 to 110 or more 
amino acids primarily responsible for antigen recognition. The terms variable light 
chain (Vl) and variable haeavy chaia (Vh) refer to these lighli and heavy chains, re- 
spectively. ^ 

The invention also encompasses chimeric or other antibodies! that binds the present 
proteins or polypeptides. Further, the invention also relates to the use of the present 
antibodies in assays. (In this context, see e.g. Fundamental Immunology, Third Edi- 
tion, W.E. Paul, ed. Raven Press, N.Y, 1993). 

Further, the mvention also relates to a recombinant cell expressing an antibody ac- 
cording to the invention. 
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In general, prokaryotes can be used for cloning the DNA sequences encoding a hu- 
man anti-PTCH2 inununoglobulia chain. coli is one proka^otic host particularly 
useful for cloning the DNA sequences of the present invention. Microbes, such as 
yeast are also useful for expression. Saccharomyces is a preferred yeast host, with 
suitable vectors having expression control sequences, an origin of replication, ter- 
mination sequences and the like as desired. Typical pronaoters include 3- 
phosphoglycerate kinase and other glycolytic enzymes. Inducible yeast promoters 
include, among others, promoters firom alcohol dehydrogenase 2, isocytochrome C, 
and enzymes responsible for maltose and galactose utilization- 
Mammalian cells are a particularly preferred host for expressing nucleotide seg- 
ments encoding immunoglobulins or fragments thereof (^ee, e.g. Wiimacker, From 
Genes to Clones, VCH Publishers, N.Y., 1987). A number of suitable host cell lines 
capable of secreting intact heterologous proteins have been developed in the art, and 
include CHO cell Imes, various COS cell lines, HeLa cells] L cells and myeloma 
cell lines. Preferably, the cells are nonhuman. Expression vectors for these cells can 
include expression control sequences, such as an origin of replication , a promoter, 
an enhancer (Queen et ah (19S6) Immunol. Rev. 89:49), and necessary processing 
information sites, such as ribosome binding sites, RNA spHce sites, polyadenylation 
sites, and transcriptional temiinator sequences. Preferred expression control se- 
quences are promoters derived from endogenous genes, cytomegalovirus, SV40, ad- 
enovirus, bovine pappillomavirus, and the like {see, e.g., Co ei ai. (1992) J. Immu- 
nol 145B: 1149). ' 

1 

An additional aspect of the present invention is a kit for the detection of a human 
FTCPI2 gene or polypeptide comprising in a container a molecule selected from the 
group consisting of a nucleic acid, a polypeptide or a protein or an antibody accor- 
ding to tlie invention. Further suitable components of such a kit are easily determi- 
ned by someone skilled in this field as are the conditions for 'the use thereof. 
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Fiirther, the invention also realtes to the use of a nucleic acid selected from the 
group consisting of SEQ ID NOS: 2-4 and SEQ ID NO: 5 in ^ene tlierapy. hi addi- 
tion to said specifically disclosed sequences, any one of the herein disclosed exons 
may be used to this end.For a review of gene tlierapy procedures, see Anderson, 
Science (1992) 256:808-813; Nabel and Feigner (1993) TIBTECH 11: 2U-217; 
Mitani and Gaskey (1993) TIBTECH 11: 162-.166; Mulligan (1993) Science 926- 
932; Dillon (1993) TIBTECH U: 167-175; Miller (1992) Natiire 357: 455-460; Van 
Brunt (1988) Biotechnology 6(10): 1 149-1 154; Vigtie (1995) Restorative Neurology 
and Neuroscience 8: 35-36; Kramer and Perricaudet (1995) British Medical BuUeiin 
51(1) 31-44; Haddada ei ai (1995) in Current Topics in Microbiology and Immu- 
nology Doerfler and Bohm (eds) Springer-Verlag, Heidelberg Germany; and Yu et 
ai, Gene Theraphy{l994) 1:13-26. 



DeUvery of the gene or genetic material into the cell is the first critical step m gene 
therapy treatment of disease. A large number of delivery methods are well known to 
those of skill in the art. Such methods include, for example i Hposome-based gene 
deliveiy (Debs and Zhn (1993) WO 93/24640; Mannino and Gould-Fogerite (1988) 
BioTechniques 6(7): 682-691; Rose U.S. Pat No. 5,279,833; Brigham (1991) WO 
91/06309; and Feigner et ai (1987) Proc. NaiL Acad. Sci. USA 84: 7413-7414), and 
replication-defective retroviral vectors harboring a therapeutic polynucleotide uence 
as part of the retrovnal genome (see. e.g., Miller et ai (1990) Mol. Cell. Biol. 
10:4239 (1990; Kolberg (1992) J. NIH Res. 4;43, and Comeitta ei al. Hum. Gene 
Ther. 2:215 (1991)). Widely used retroviral vectors include those based upon nurine 
leukemia virus (MuLV), gibbon ape leukemia virus (GaLV), kimian hnmnno defi- 
ciency virus (SrV), human immuno deficiency virus (Hiy), and combinations 
thereof See, e.g., Buchscher et al (1992) X Virol. 66 (5) 273|l-2739; Johann et al. 
(1992) J. Viroi 66 (5):1635-1640 (1992); Sommerfelt et al, (1990) Virol 176:58^ 
59; Wilson et al (1989) J. Virol 63:2374-2378; Miller ei al, J Virol 65:2220- 
2224 (1991); Wong-Staal et al, PCT/US94/05700, and Rosenburg and Fauci (1993) 
in Fundamental Immunology. Third Edition Paul (ed) Raven Press, Ltd., New York 
and the references therein, and Yu ei al. Gene Therapy (1994) I supra). 
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The present invention may also be used in the pharmaceutical industry. For examp- 
le, it will provide information that eventually may enable cells j&om fetal tissue, 
which may the be transplanted into patients suffering from e.g. Parkinson's disease 
or cancer, such as BCC (For a brief review of methods of drug delivery, see Langer 
249:1 527-1533 (1990), Remington^s Pliaimaceutical Sciences, Mack Publishing 
Company, Philadelpliia, PA, l?^'' ed. (1985) eta) 

Detailed description of tire drawings ! 
Figure 1 shows the genomic sequence of SEQ ID N0:5, wherein exons and introns 
are designated in the genomic sequence of the present human patched 2 gene. Ho- 
wever, exons 12a and 12b discussed above are not specifically shown in Figure 1, 
but is instead disclosed as the separate sequences SEQ ID N0:3 and SEQ ID N0:4, 
respectively. Figure 2A discloses an amino acid sequence comparison of the human 
PTCH2 (upper lines) and PTCHl (lower lines) sequences.' Vertical lines indicate 
identical amino acids, while dots similar amino acids. The' PTCH2 sequence pre- 
sented is composed of the original cDNA clones and of itiie products of the 5' 
RACE analysis. 

Figure 2B is a representation of the alternative splicing events that result in diffe- 
rent C-teimini, In the parotid gland and the colon, the penultimate and the last exon 
are canoiucally joined togetiier. In fetal brain however Ihe penultimate exon with 
part of the 3' intron limctions as the terminal exon. The intronic sequence is shov.Ti 
by small letters with the flanking exonic by capital letters. Above the nucleotide se- 
quence, Ihe deduced amino acid sequence is shown, and below is the corresponding 
sequence of the mouse Ptch2. The conserved intronic dinucleotid.es are shown by 
bold letters and the termination signals are indicated by asterisks. Note the absence 
of conservation of the position of the termination codons between the mouse and 
human PTCH2 sequences. The putative polyadenylation signals are also shown in 
this diagram. The genomic organization was obtained by analyzing BAC clones en- 
compassing the PTCEI2 gene. 
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Figure 2C is a representation, of the different variations of | spliced transcripts en- 
compassing exon 1 and exon 2 sequences. The canonical escons 1 and 2 are shown 
by boxes and the intron between them by a solid line. The GT and AG dinucleotides 
spammig the sequences that are used as introns in individual transcripts are indica- 
5 ted by small letters. G, Genomic structure, derived from sequencing segements of 
BAG clones-encompassing the PTCH2 gene; C. Canomcal transcript; A, Transcript 
A (the skipped axons 9 and 10 of this product are not shown in the diagram); B, ' 
Transcript B. 

JO Figure 3 A is a dark-field photomicrograph of a BCC tumor hybridised with ^^S- 
; labeled antisense probe showmg abundant signal for PTCH I mRNA (Hght grains) in 

all BCC tumor cells. 

Figure 3B discloses PTCH2 mRNA overexpression in BCC. and is in contrast ma^ 
■i 5 inly expressed in the basaioid cells in tibe periphery of the tumor nests 

3 i 

Figure 3C is another BCC showing a strong PTCH2 mRNA isignal in the periphery 
of the tumor nest (Tu), wheras no signal is detected in epidermis (Ep). 

20 Figure 3D are sections of the same tumor (C) hybridised with the PTCH2 sense 
probe showed no signal. I 

Figure 3E shows immunoreactivity for Ki-67 (brown precipitate) seen in the pe- 
riphery, in the cells that showed strong upregulation of PTCm mRNA. 
25 I 

Figure 3F discloses tumor nests under high power magniEcation demonstrate abun- 
dant PATCH2 mRNA signal (black grains) in the dark basaioid tmnor cells and lo- 
wer signal in the center (arrow). Bars (A-E), 24 pm, and F, 6 pm. 
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EXPERIMENTAL 
Materials aI^d methods 

In the present context, a general reference is made to G, Zaphiropoulos et aL, Can- 
cer Res., vol. 59, p- 787-792, Febmaiy 15, 1999, disclosing useful methods in the 
5 present context. All references mentioned in the present application are hereby inc- 
luded herein by reference. The examples below are not intended to limit the scope 
of the invention but merely as an illustration. .' 

The RACE analysis was performed essentially as described ibefore (Zaphiropoulos, 
"10 P.O. and Toftgard, R, (1996): "cDNA cloning of a novel WD repeat protein map- 
ping to the 9q22.3 chromosomal region", DNA Cell Biol. 15, 1049-1056) using the 
Marathon kit (Promega). The primer sequences used for RACE are available upon 
reguest. 



The PTCH2, 35S-labeled RNA probes used for the in situ hybridisations, that were 
perfonned as previously described (Unden et al., (1997), supra ), corresponded to 
positions 218 to 437 and S3S to 920 in tiie PTCH2 sequence of SEQ ID N0:1 . 



Results and discussion 

In order to identify additional components of the PTCH/SHH cascade of signalling 
events, the Incyte LifeSeq™ database (Incyte Pharmaceuticals Inc., Palo Alto, CA, 
USA) was searched using PTCH sequences. In addition to ! clones representing the 
PTCH cDNA, two nearly identical cDNAs were identiQedi from the parotid gland 
and the colon, that contained sequences similar to, but distinct from, the 3' end of 
PTCH. By 5' RACE analysis using fetal brain cDNAs additional sequence informa- 
tion from these transcripts (termed PTCH2) and corresponding to a full length 
cDNA, was obtained (Fig. 2A ). PTCH2 is 57% identical to PTCHL, with a signifi- 
cantly variable region present between the transmembrane domains 6 and 7, and 
91% identical to the recently published mouse Ptch2 sequence (Motoyama, J., Ta- 
kabatake, T., Takeshima, BL and Hui, C. (199S); "Ptch2, a second mouse Patched 
gene is co-expressed with Sonic hedgehog". Nature Genet.' 18, 104-106). In simila- 
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rity with the mouse gene, PTCH2 lacks the C-tenniaal extetxsion present in humaa, 
mouse and chicken PTCHl (Goodrich, L.V., Johnson, R.L., Mileakovic, L., 
McMahon, J. A., and Scott, M.P. (1996): "Conservation of the hedgehog/patched 
signalling pathway from flies to mice: Induction of a mouse patched gene by Hed- 
gehog", Genes Dev. 10, 301-312, Mango, V., Scott, M.P., Johnson, R.L., Goodrich, 
L.V. and Tabin, C.J. (1996): "Conservation to. hedgehog signalling: Induction of a 
chicken patched hoiuolog by Sonic hedgehog in the developing litnb". Development ' 
122, 1225-1233). However, according to the present invention, it has been shown 
that the human PTCH2 cDNA terminates 36 amino acids earlier that the mouse 
Ptcli2 sequence. Moreover, when 3' RACE was perfomed from fetal brain, an alter- 
nate C-termiiml region was identified. This had a high structural similarity with the 
mouse Ptch2 C-tenninal sequence and originates from the genomic region that links 
the last two exons of PTCH2 (Fig. 2B ). Therefore, in these alternatively spliced 
transcripts, the penultimate exon with a segment of the contiguous 3' intron serves 
as the terminal exon. 

Moreover the human and mouse franscripts differed in the position of the temiina- 
tion signals (the human sequence is 21 amino acids longer), suggesting a non- 
conserved, species-specific ftmction of this alternate C-tenninal domain. The fm- 
ding of two possible C-terminal regions for PTCH2 is intriguing and implies a role 
of this phenomenon in modulating signalling. Additional alternatively spliced 
transcripts were also identified by the RACE analysis (Fig. 2C ). TiBnscript A lacks 
the sequence that corresponds to exons 9 and 10 of PTCHl ■ (preliminary compari- 
sons of the intron-exon junctions of PTCH2 with PTCHl indicate a sunilar genomic 
organization), with the open reading frame being retained at the exon 8 to exon 1 1 
junction. Exons 9 and 10 code for the last part of the frrst extracellular loop and for 
transmembrane domains 2 and 3 in the putative structure cf the PTCHl protein. 
Furthermore this transcript also lacks a 5' segment of the canonical exon 2, due to 
the use of an alternative 3 ' splice site present in this exon, Iwith the open reading 
frame being maintained. The ftuictional consequence of this alternative splicing is 
not yet known, but it is interesting to note that the extracellular loops in PTCHl are 
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presumed to be involved in binding of the ligand SHH (Marigo ei al.^ (1996), Natu- 
re 384, supra ; Stone et aL, (1996), Nature 3S4, supra ) and tkat insertion of a neo- 
cassette in intron 9 of of the mouse PTCHl gene is associated with a severe pheno- 
type (Hahn, H., Wojnowski, L., Zimnier, A.M., Hall J., Miller, G, and Zimmer, A. 
(1998): "Rhabdomyosarcomas and radiation hypersensitivity, in a mouse model of 
Gorlin syndrome", Nature Med. 4, 619-622), Eurtliennore, exom 9 and 10 encode 
part of a putative sterol sensing domain (Osborne, T.F. and Rtosenfeld, J.M. (1998): 
''Related membrane domains in proteins of sterol sensing and icell signalling provide 
a glimpse of treasures still buried within the dynamic realm of intracellular metabo- 
lic regulation", Curr. Opin. Lipidol. 9, 137-140, also found in PTCHl, and which 
has recently been implicated in mediating the potent modulating effect of choleste- 
rol on SHH/PTCH signaQing (Cooper, M.K., Porter, J.A-, Young, K.E., and Bea- 
chy, P.A. (199S): "Teratogen-mediated inliibition of target tissue response to Shh 
signalUng", Science 280, 1603-1607). Thus, if PTCH2 also serves as a receptor for 
SHH and/or related factors, the receptor form lacking exons 9 and 10 may show al- 
tered signalling properties. Transcript B contains additional sequences between ca- 
nonical exons 1 and 2, that originate from tlie 5' end of intron I. The open reading 
frame that includes the initiator methionine of exon 1 is not maintained in tliis 
transcript, suggesting that, if this transcript is functional, either the methionine in 
exon 2 or non-metbionine codons are used in order to produce a protein product, in 
similarity to what has been proposed for the alternative spliced products of human 
PTCHl (Hahn et aL, Ceil 35, supra ). By radiation hybrid mapping the rTCH2 gene 
was localized to the short arm of chromosome 1, in difference to PTCHl residing 
on chromosome 9q22. 3. 

The mouse and zebrafish homologs of PTCH2 have been reported to be expressed 
in a partly overlapping pattern with PTCHl during embryonic development and to 
be induced by SHH (Motoyama ei al, (1998) Nature GenetJ 18, supra. Concordet, 
J.P., Lewis, ILE., Moore, J.W., Goodrich, L.V., Johnson, R.L., Scott, M.P., and 
Ingham, P.W. (1996): "Spatial regulation of a zebrafish patclied homologue reflects 



wo 00/20037 



23 



PCT/SE99/0I784 



the roles of sonic hedgehog and protein kinase A in a neural tube aiid somite patter- 
ning". Development 122, 2835-2846), .implicating a role in this signalling pathway, 
We were with this background interested to analyze the expression of PTCH2 in 
BCCs which show consistent upregulation of PTCHl in all tumor cells (Unden et 
al., (1997) Cancer res. 57, supra). In situ hybridisation was perfonned on six famili- 
al and four sporadic BCCs of different histological subtypes. A strong positive sig- 
nal for PTCH2 mRNA was observed exclusively in the tumor cells of all BCCs. 
Notably, the signal was consistently stronger in the palisading peripheral cells of the 
tumor nests (Fig, 2 ). These cells also showed a positive itmnunostaining for the cell 
proliferation marker, Ki-67. 



The finding that in BCCs having frequent mutations in the PTCHl gene, the expres- 
sion of the PTCH2 mRNAs is upregulated, tightly links the novel PTCH2 according 
to the invention with the PTCH/SHH cascade of signalling events. It is therefore li- 
kely that PTCH2 represents a target gene of this patiiway which is underihe negati- 
ve regulation of PTCHl, precisely as PTCHl itself. Moreover this observation 
strongly suggests that PTCH2 has functions distinct from PTCHl since upregulation 
of PTCH2 expression appears unable to compensate for inactive PTCHl protein. 
This conclusion is also supported by the early erabiyonic lethality seen m PTCHl 
(-/-) mice 5,13) and tiie lack of genetic heterogeneity in Gorliil syndrome. However, 
whetlier PTCH2 may block the constitutive signalling of SMD, or could act as an 
additional SHH receptor, possible dependent on alternative spHcmg, remains as the 
subject of further experimentation. 
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AMENDED CLAIMS 

1. An isolated human protein or an analogue or variant thereof capable of 
participating in the human PTCH/SHH pathway during embryonic development 
and/or carcinogenesis, which is essentially comprised of SEQ ID NO: 1. 

2. A nucleic acid encoding a protein according to claim 1 . 

3. An isolated variant of the nucleic acid according to claim 2. 

4. An isolated nucleic acid capable of specifically hybridising to a nucleic acid 
according to claim 2 or 3. 

5. A protein according to claim 1 or a nucleic acid according to any one of claims 2-4 
for use as a medicament. 

6. Use of a protein according to claim 1 or a nucleic acid according to any one of 
claims 2-4 in the manufacture of a medicament for the treatment of a condition 
involving tumors, such as BSS. 

7. A method of in vitro or in vivo diagnosis, wherein a protein according to claim 1 or 
a nucleic acid according to any one of claims 2-4 is used. 

8. A method of screening wherein a library of suitable candidate compounds is 
screened for modified drugs using a protein according to claim 1 as a lead 
compound. 

9. A method of synthesis of a modified drug, wherein a protein according to claim 1 
is used. 

10. A modified drug identified by the method according to claim 8 or synthesized 
according to claim 9. 

1 1 . A vector comprising a nucleic acid according to any one of claim 2-4. 

12. A recombinant cell comprising a vector according to claim 1 1 . 

13. An antibody which specifically binds to a protein according to claim 1. 

14. A recombinant cell expressing an antibody according to claim 13. 

15. A kit for the detection of a human PTCH2 gene or polypeptide comprising in a 
container a molecule selected from the group consisting of a nucleic acid according 
to any one of claims 2-4, a protein according to claim 1 or an antibody according to 
claim 13. 

1 6. Use of a nucleic acid according to any one of claims 2-4 in gene therapy. 
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17. Use of nucleic acid according to any one of claims 2-4 as a probe, a primer or a 
diagnostic reagent. 
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The intron sequences between exons 2-3 ^nd. axons 16 - 19 are 
missing (intronsi small letters, exons: capital letters). Small 
letters in the first exon indicate nucleotides that have not been 
unambigouisly determined. 



Exon 1 I 

1 CGSGTGA&TG CCGGCGCCGC GCCCCGeACC CGCAGGTCCC TGCACTCCTC 

51 CCTCCCAGCC GCTTTAACAC CCACACCCCA CAGTCTCTCC CACGsCCGCG 

101 CCTTGGCGGC CCCACTGAAT CCCTACGCOS (5GCCCAGCC3G TACCGGGAGA 

151 CCGGGCTAOC CTATGGGAGC GCCCAGATAA CGCGGGTTGG GGGCGCCCGC 

201 GccccCATcc ccGccAGcAT Gactcgatcg CCGCCCCTCA GAGAGCTGCC 

251 CCCGAGTTAC ACACCCCCAG CTCGAACCGC AGCACGCCAG gtgagtagag 

301 ggggagctgg aagaaggaag agagcggagc caggtctgtc actcgggcct 

"351 ctgcaaggtt tgtgatgtct tgaagtgccg agtgtcatta gatgtctgaa 

i 

401 ggcaagtgag agccagcacc gcaagcaagt tgtgcgtgtg tgtcggtgtg 

451 tctgtgccgg tgtetcctca tcgtctggcc agtgagaatg aatgtctgtg 

501 ggttcacctc tgtgtccacc cgacgacagg tgtgtgtaca tatgtatcct 

551 gctctcagaa aatgggccta tgccgccggg cgcggtgact cacgcctgta 

601 atcccaacac tgggaggctg aggcaggcag attacctgag gtcaggagtt 

651 cgagaceagc caggccaaca tggggaaact ctgtctctac taaaaataaa 

701 aattagcagg gcgtggtggc gggcgcctgt agtcccaact actcgggagg 

751 ctgaggcagg agaatetctt gaacctggga ggcggaggtt gcagtcaagc 

801 cgagatcaca ccactgcact ccagccaggg caacagagcg agatgcgtct 

851 caaaaaaaaa aaaaaaaaaa aaaaggagag aaaacaaaaa gaaaagaaag 

901 gaaaataggc ctatgccttc ctcaggtgtg tgctggggat ggtgggtgtt 

951 acatcttcca agtctgggcc tgtgtctgtg ttggtgctcc ctgtcccaca 

1001 tccagaaatc aagaagcgag ggctgggcag cagatataca gggtgagaag 
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1051 


ggaaggattt catgcattgt tacagtgatg cctggctjgac 


ccttctcttt 




XlOl 


GcatcccagA TCCTAGCTGG GAGCCTGAAG GCTCCACTCT 


GGCTTCGTGC 




1151 


TTACTTCCAG GGCCTGCTCT TCTCTCTGGG ATGCGGGATC 


CAGAGACATT 




1201 


GTGGCAAAGT GCTCTTTCTG GGACTGTTGG CCTTTG<?GGC 


CCTGGCATTA 




1251 


GGTCTCCGCA TGGCCATTAT TGAGACAAAC TTGGAACAGC 


TCTGGGTAGA 




1301 


AGTGGGCAGC CG(5GTGAGCC AGGAGCTGCA TTACACCAAG 


GAGAAGCTGG 




1351 


GGGAGGAGGC TGCATACACC TCTCAGATGC TGATACAlGAC 


CGCACGCCAG 




1401 


GAGGGJW3AGA ACATCCTCAC ACCCGAAGCA CTTGGCCTCC 

1 


ACCTCCAGGC 




1451 


AGCCCTCACT GCCAGTAAAG TCCAAGTATC ACTCTAtIggG 

1 


AAG 


o 


1501 






03 


1551 


tgagtctggc tgagcccctg agcagctggg ggcgaggegt 


gctgtggggg 


CI 


1601 


ttctggagtg ggaatcccct -tcttctgctg atctcctjatg 
ttgcagTCCT GGGATTTGAA CAAAATCTGC TACAAGUCAG 


cccc-tggcta 




1651 


GAGTTCCCCT 




1701 


TATTG&AAAT GGAATGATTG AGCGGgtaaq tgtcctgaga 


gggagtagag 


b 


1751 


gcagaacttt -ttctgtagcg tgggaggact cagagaccga 


gcaagcccca 




1801 


cagcctgcaa tctgccccct taaaactaag gagggggatfc 


gcagagggca 




1851 


tcctacaaag gttgtggggc aggactgacg tggcccgggg 
EXON 5 


tatccctggc 




1901 


a.gAT6ATTGA GAAGCTGTTT CCGTGCGTGA TCCTCAGCCC 
TTCTGGGAGG GAGCCAAACT CCAAGGGGGC TCCGCCTACC 


CCTCGACTGC 




1951 


TGCCgtgagt 




2001 


gccactcc-tg gggccctgct tcatctcccg ctggggactc 


t:cccagcaga 




2051 


aaggaggggt ctggggaatg aggatgatca aaaccttacc 


aaggtcctaa 




2101 


ttaceteeca ggccaggaac agagageatg ggcttcccca 


aggc-t^C'tiC'tic 




2151 


cacatcctco ttctctttcc ctctcaagga aggaagacct 


gacttattta 




2201 


cacaaaacta aacacaaaga tctgtaagat ctgagca.aag 


gagaaaaaga 




2251 


tccccacaaa gaggctttgc tgggggaaat tacctaggtg 


tttgctaagc 




2301 


cattgcccag gccagaaaga aaacctgcta caggcatlgtg 


cctge-tggtt 




2351 


gtatattaga accaagcaca cagcttggta aggaac-tlcag 


tggggccttt 



Fig. 1 (cont.) 



! 
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2401 ctgggccctt tctatgtatt aggtaaccct 

2451 cccttgtact cttcfcacagc tcactgtagc 

2501 cctggcagtt ctgagaagcfc gaggcttgca 

2551 aaatcggcag ataagaggag ggtggggtac 

2601 gt-ttggagcc tgggttttcg tccctgaccc 
EXON 6 

2651 cctcagCGGC CGCCCGGATA TCCAGTGSAC 

2701 TGCTGGAGGA GCTGGGTCCC TTTGCCTCCC 

2751 CTAGACAAGG CACAGGTGGG CCAGGCCTAC 

2801 CCCTGATGAC CTCCACTGCC CACCTAGTGC 

2 851 AGgtgggttc caaccaggtc tgccagggaa 

2901 cccttcctca tactcctgtg ttctggggga 

2951 accccccact tcctggccat tattaccctg 

3001 caatgttcca ttcccattca gttatcctac 

3051 a-tgaat-ccct ttttcctttt ctaagcctag. 

3101 tttttttttt ttgagtctca ctctgtcacc 

3151 cgatcttggc fccactgcaac ctcggctcaa 

3201 tcctgagtag ctgggattac aggtgcccac 

3251 tattagcctc ccaaag-tgct gggattacag 

3301 ccaaggctgg actttttatc aaaatagact 

3331 acagcaggta agcatgaata tcatacctgg 

3401 ccctgcaaat gtggtactfct tttcagaatc 

3451 cccagaagGc tacttccagg cctctgcttc 

3501 cgggatacta gctgttcact cctgcagagc 

3551 ttacctacac tccagcccta ctgagcttca 

3601 g-tggaagccc agggacactc agttatccac 
EXON 7 

3651 acccctcctg ttcccctcca gC5GCTCCCAA 
3701 GGGGCTGCCA TGGCTTCTCC CACAAATTCA 

Fig. 1 (conL) 
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gccctgaifcat 


fecgtctcagc 


a.ccctggit.gg 


gcccatgcag 


caccctccat 


atggaaggac 


agcatggjcgc 


cccagcagca 


'hcaccaac'b.a 


"taggc'ttt'tc 




CCAGSiGCAGC 


i. J. tjii wjVjjU, 1 J. 


CCGGGAGCTG 




CCTGTCTGCA 


CCC CAAC^CAT 


CACAGCAGGC 


aggctgtttt 


CCttqcctfct 


gc;tgactigc"t 


ctgt-gccctg 


ctcccacagt 


gccaggcccc 


ggagccctca 


agt.ggtatat 


ataaggctgg 


acttc-ttttt 


caggctggag 


t gc agtagtt 


g'c aa ttctcc 


tgccttagcc 


caccatgccc 


ggctaatttt 


gcgt gagcca 


ctgcgcctgg 


aatacaggga 


aactaagaac 


tttcccaggt 


ttctttgtgg 


cgccagttac 


accagctcct 


cccttggggc 


ttcetgrtctg 


agtcaagagg 


ctcagaatag 


tggcagcgtg 


gttcctggag 


ggccagggcG 


ttgagcatta 


TGTGGCTCAC 


GAGCTGAGTG 


TGCACTGGCA 


GGAGGAATTG 
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3751 CTGCTGGGAG GCATGGCCAG AGACCCCCAA GGAGAGCTGC TGAGgtaggg 

3801 tctcctctgg gagttggtga ggggactctg ttcatgagaa cccatactgt 

3851 aatgccaggc agctqtggca aaaggccctt cacafcccctc accaggtgtt 

EXON 8 

3901 -tgggccagct ctgacccctg gttctcccac acccccacca gGGCAGAGGC 

3951 CCTGCAGAOC ACCTTCTTGC TGATGAGTCC CCGCCAC5CTG TACGAGCATT 

4001 TCCGGGGTGA CTATCAGACA CATGACATTG GCTGGAGIPGA GGAGCAGGCC 

4051 AGCACAGTGC TACAAGCCTG GCAGCGGCGC TTTGTGCAGg tcggtatgga 

4101 caaggacaag gggggtgccc tgaggccatt ccctcctsct gccccctcct 
EXON 9 

4151 atccaccctg t-ttqtccagC TGGCCCAGGA GGCCCTGCCT GAGAACGCTT 

4201 CCCAGCAGAT CCAa?GCCTTC TCCTCCACCA CCCTGGATGA CATCCTGCAT 

4251 GCGTTCTCTG AAGTCAGTGC TGCCCGTGTG GTGGGAGGCT ATCTGCTCAT 

4301 Ggtgggtctt gcacctggca ccttgccccc accccacctc caaccagtgc 

EXON 10 

4351 ccaccctggg agcccctgag actgcccttt ccccccacag CTGGCCTATG 

4401 CCTGTGTGAC CATGCTGCGG TGGGACTQCG CCCAGTGCCA GGGTTCCGTG 

4451 GGCCTTGCCG GGGTACTGCT GGTGGCCCTG GGGGTGGCCT CAGGCCTTGG 

4501 GCTCTGTGCC CTGCTCGGCA TCACCTTCAA TGCTGCCACT ACCCAGgtac 

4551 gccaggactg cagggcagac tcagtgccag tcaccaggcfc tcacgggtcc 

EXON 11 

4601 tcagctgccc gctcctctgc ccctccagGT GCTGCCCTTC TTGGCTCTGG 

4651 QAATCGGCGT GGATGACGTA TTCCTGCTGG CGCATGCCTT CACAGAGGCT 

4701 CTGCCTGGCA CCCCTCTCCA Ggtggggcct tgtcccccag ggctcatctg 

4751 aggcagc-tca gcttactggt taagagcctc ttggttcaag tgacccttgg 

4801 gctgctaatg aacctcggtg cctcttgtcc ccatctgtaa acaggggaaa 

4851 taatagtgct gtgtcctaag ggttattgtt tggatcagtg aggtaactca 

4901 agttgaatgc ttagaacagc ccatcatacg tacatggtac ccaataaatg 

4951 ctagccactg tgttatgact gccccacctc tgcaccjccaa gttcctgagc 

5001 ctccccttca ctccactttg acacggcccc tcccttgtga cctgagggca 
EXON 12 

5051 ggtccccact ctgtcctggc agGAGCGCAT GGGCGAGTGT CTGCAGCGCA 

Fig. 1 (cont.) ; 
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5X01 CGGGCACCAG TGTCGTACTC ACATCCATCA ACAACATGGC CGCCTTCCTC 
51S1 ATGGCTGCCC TCGTTCCCAT CCCTGCGCTG CGAGCCTTCT CCCTACAGGC 
5201 GGCCATAGTG GTTGGCTGCA CCTTTGrAGC CGTGATGCTT GTCTTCCCAG 
5251 CCATCCTCAG CCTGGACCtCA CGGCGGCGCC ACTGCCAQCG CCTTGATGTG 
5301 CTCTGCTGCT TCTCCAGgta ctgcgtgcgc cccagcccct tcctcccgtg 
5351 acccacgcca gcctgtcccc tcaccagcat ttcaaggcaq agacctgtca 

EXON 13 

5401 tccactctct acctcttcca gTCCCTGCTC TGCTCACdsTG ATTCAGATCC 

5451 TGCCCCAGGA GCTGGGGGAC GGGACAGTAC CAGTGGGCAT TGCCCACCTC 

5501 ACTGCGACAG TTCAAGCCTT TACCCACTGT GAAGCCAGCA GCCAGCATGT 

5551 GGTCACCATC CTGCCTCCCC AAGCCCACCT GGT6CCCCCA CCTTCTGACC 

5601 CACTGGGCTC TGAGCTCTTC AGCCCTGGAG GGTCCACACG GGACCTTCTA 

5651 GGCCAGGAGG AGGAGACAAG GCAG2AGGCA GCCTGCAAGT CCCTGCGCTG 

5701 TGCCCGCTGG AATCTTGCCC ATTTCGCCCG CTAXCAGTTT GCCCCGTTGC 

5751 TGCTCCAGTG AJCATGCTAAG gtaagactgg gcagagcagg gcagagactt 

5801 agcatctctg ggcccagaag ggcagagagg gcttagtcca ctgcctgagg 

EX 

5851 ggctgggggc agccctgggg tctcoagctt agttgctaca tcccgcagGC 
XON 14 

5901 CATCGTGCTG GTGCTCTTTG GTGCTCTTCT GGGCCTGAGC CTCTACGGAG 

5951 CCACCTTGGT GCAAGACGGC CTGGCCCTGA CGGATGT3GT GCCTCGGGGC 

6001 ACCAAGGAGC ATGCCTTCCT GAGCGCCCAG CTCAGGTACT TCTCCCTGTA 

6051 CGAGGTGGCC CTGGTGACCC AGGGTGGCTT TGACTACiGCC CACTCCCAAC 

6101 GCGCCCTCTT TGATCTGCAC CAGCGCT^TCA GTTCCCTCAA GGCGGTGCTG 

6151 CCCCCACCGG CCACCCAGGC ACCCCGCACC TGGCTGCACT ATTACCGCAA 

6201 CTGGCTACAG Ggtgagaggc gaggagacgg gcagggaggg gtgctgcagg 

6251 gagaaacgcc ctggggccac cagctaatag aacccta^tcc tggtctcccc 

EXON 15 I 
6301 cagGAATCCA GGCTGCCTTT GACCAGGACT GGGCTTCTGG GCGCATCACC 

S351 CGCCACTCGA CCGCAATGGC TCTGAGGATG GGGCCCTGGC CTAGAAGCTG 

6401 CTCATCCAGA CTGGAGACGC CCAGGAGCTT CTGGATiItCA GCCAGgttgg 

Fig. I (cont) 
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6451 
6501 


caggccttca 


gaggg^tcca 
gccctctctg 


GCtctgcagC 


g g^Ct 5c cLC[ 5c 

EXON 16 
TGACCACAAG 


C"tcct CfCfQ"CC 

GAAGCTGGTG 




6551 


GACAGAGAGG 


GACTGATTCC 




1 






6601 


GTGGOTGAGC 


AQTGACCCCC 


TGG6TCTGGC 


AGCCTCSCAG 


gccaacttc t 




6651 


ACCCCCCACC 












6701 


AACTTTCGCA 


gtgagtcttg 






tcagcctcgc 




6751 
6Q01 


gcccl^^'t.ccc 




aggc c gc c 


cactctgccc 


EXON 17 




6851 


AGCTCAGCCC 


TTGGAGTTTG 


CCCAGTTCCC 


TTTC CTGC TG 


cgtggcctcc 




6901 


AGAAGACTC3C 


AGACTTTGTG 


GAGGCCATCG 


AGGGGGGCCG 


GGCAQCATGC 


D 


6951 


GC AGAGGC CG 


exec n fv^T^::/^ 


GGTGCACGCC 


'cacccc|gcg 






7001 




GAACAGTATC 


TGGGCCTGCG 


GCGCTGCTTC 


CTGCTGGCCG 


o 
o 






GCTGGTGTGC 


ACTTTCCTCG 


TCTGTGCTCT 


GCTGCTCCTC 






AACCCCTGGA 




CATAgtgagt 


1 

gcttgcagga 


gtggggacag 


L 


7151 
7201 


ctctgtgagc 


ccc^^ccc'tig 
cctgtctccc 


CGcagcctgt ca-tccctcct 

EXON 18 
teagGTGCTG GTCCTGGCGA 


gccaggagcc 
TGATGACAGT 




72B1 


GGAACTCTTT 


GGTATCATGG 


GTTTCCTGGG 


CATCAAGCTG 


AGTGCCATCC 




7301 


CCGTGGTGAT 


CCTTGTGGCC 


TCTGTAGGCA TTGGCGTTGA 


GTTCACAGTC 




7331 


CACGTGGCTC 


TGGGCTTCCT 


GACCACCCAG 


GGCAGCCGGA 


ACCTGCGGGC 




7401 


CGCCCATGCC 


CTTGAGCACA 


CATTTGCCCC 


CGT6ACCGAT 


GGGGCCATCT 




7451 


CCACATTGCT 


GGGTCTGCTC 


ATGCTTGCTG 


1 

GTTCCCACTT 


TQACTTCATT 




7501 














7551 
7501 


gcctgggctg actcccccca caccctaccc ctagGTACTT CTTTGCGGCG 




7651 


CTGACAGTGC 


TCACGCTCCT 


GGGCCTCCTC 


CATGGACTCG 


TGCTGCTGCC 



77 01 TGTGCTGCTG TCCATCCTGG GCCCGCCGCC AGAGgtgacc acaccctcgg 
7751 caccatCCCt ctactcccag cccaagggac ggggta;ggga gaggcaaggg 
Fig. 1 (cont) ' 
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7 001 aagggacaga gccctg-tggc ccacagacag gtaccticccc aacaggtgcc 
7 951 accagctgaa ggtggcagcc tcctcct-ttc cccagacacc atgt-tcctgc 
7 901 ccctcagccc tcctggcttc ttcatgggac ccaccttaga cttttaggat 
7951 ccagaacaag gtgcagggtt tgccccaggc ctcaacatcc tgtcgcctgc 
8001 cagctctcat atcct-gctgg agaccaacaa gggccccagc ttcccaacag 
8051 tca.tggtaat ccccagcgag atgctaaagg ggacgggagc cccaggggcc 
8101 cgtgggctta ctggggctgg -tgtctcccca cagGTGATAd-AGATGTACAA 
B151 iSGAAAGCCCA GAGATCCTGA GTCCACCAGC TCCACAGGGA GGCGGGCTTA 
8201 Ggtggggggc atcctcctcc ctgccccaga gctttgccag agtgactacc 
8251 tccatgaccg tggccatcca cccacccccc ctgcctggtg cctacatcca 
8301 tccagcccct gatgagcccc; qttggtcccc tgctgtcact agctctggca 
8351 acctcagttc caggggacca ggtccagcca ctgggtgaaa gagcagctga 
8401 agcacagaga ccatgtgtgg ggcgtgtggg gtcactggga agcactgggt 
8451 Gtggtgttag acgcaggafcg gacccctgga "gggctctgct gctgctgcat 
8501 ccectctccc gacccagctg tcatgggcct ccctgatatc catacagaac 
6551 agccaccgat ttgcacatcc aggcctgtgt gagcctgtat cfcgtgtcact 
8601 tgagagtgaa agc-tggcac-t tggggctgca gtgcagccct. gtcccccttc 
8651 ccaccccaca ccactgcctg cccagctgac caagcctigag ggaccctcca 
8701 gcacccttcc gtctggtgac tcctgggcag gctctccata tccctgccca 
6751 cctcctacca catccattat ttatafcgaaa atgtctattt ttgtagtata 
8801 catacatgtt agc-tatgatg aaagttttat fcttttaaaga atgaaatata 
8851 ttctatgtga agctatgatg aaagttttat tttttaaaga atgaaatata 
8901 ttctatgtga actaatctcg aaagttttat tttttaaaga atgaaatata 
8951 ttctatgtgt gcaagtgaac attagcttca gttgcttttt tttggacaga 
9001 gtggggagtt tgcaagtgaa cattagctat tggaaggagc ttctctggtg 
9051 ccaggacctg aggtattagc ttctctagtt ctgggtggaa aagaccccag 
9101 attctggatt tttgtcatat acttggtaac atcatc]tgga ttaagtgctt 
Fig. 1 (conL) 

1 
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9151 actatacaaa acgataaca.a attttgttgg -tgtgaaatcc tacfegg^ttc 

9201 aatctggaga ccgagagcag aaa_aaaaaga accccactgt g-tggctttca 

9251 gagccaccat attccagcct gcccgtctct ccagactcac ctccacctac 

9301 ctgcttcacc cgcacgggaa acggeaaggc agaggggj:aa agccatgcag 

9351 caggtggaag gcgaggtgga ggcagatcag gaaagcagcc agttgaagca 

9401 gagagaggtc aacagggtct ggggagcttc tcaggaggtt tgtggaccca 

9451 gggaaaggag ccaggttcca gagcaacctc caaggcaaag ' gcctctgtaa 

9501 gttgg-ttgtc ctgacagccg agaggtgtct ttggcca^c agccagtgga 

9551 tcagttgcgg gaactgctca gaaactgagg tgctagciagt tagtgaggac 

9601 acagcgtaag ttgtttgttc tgtgaaagtt gaacagctcc actaagcaga 

9651 ggccttgaag agtggccaca gccctggaat agagcacraga gcctcaccta 

9701 gaggcgtggg gaggtttgca actgcccctt cccagcaata gcttaggacc 

9751 catagtctag ttcacataga ccctgggctc caaccaccca etcaccagga 

9801 atgatcceac cccaggaaca afcgcgttctc acatcccacc ccacctggac 

9851 aaaggccagg aaatcatgtt ctgaccaaaa gatacaacaa caaaaacaac 

i 

9901 aacaacaaaa aacgcctatt gcaattgaat ccacgctaaa atgcctaaaa 

9951 agctcaagag aagcgggtag ttggcagaga acctagagta gggggtgcaa 

100 01 ccagcaggcc caagggaggg aggctgcatt tgggtccagc agtgtttggg 

10051 tcaccaagaa gggccttcta ggtggagcag agagagtJtca ccaggccaga 

10101 atagtgoaaa gggggtcagc cctcagtgcc acttaccagc ggagtaaccc 

e 

10151 tgggcaagtt agccagcctc actaagcctc cccatcttca tctttccagG 
XON 22 

10201 CCCGAGGAGR TCTAGrCCTCT GCCTCCCACC CCAdCACCCC CTCATCAGAC 
10251 ACAAGGAGCG CCACTGTCTG GACAGGCTGA ATTGGTCTTC GGGTCCCTAA 
10301 TTTCTCATAC GCCATTCCCT CTGCCTAGRA CACTTTCTCA CCTCCCCTTG 
10351 ATGTGACCCC ATATCACCCT TCGAGGTGAA TTGGATbGGA TGCCATCTCC 

10401 TCCAGGAGGG GTGGGGTCGT GCCTCCTGTG AGGTCCiCAGT GCCQCTGAGT 

i 

10451 GTCTGTGCCC GTCTGTTTCC CCGTCCCTCT CtCTA^^GCCC GGAGGCTTAC 
Fig. 1 (cont) 
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10501 


TGCGGGTAAG 


GACGGCGGGA 


CAGGACCTTA ACCGCTGGGA 


CGAACACCAG 


10551 


CTCCGCAAAG 


GACTCCGCAC 


CCGGCGCCGC CCACGGGGTG 


CGGGTCCCAG 


10601 


GAGGACCAGC 


AGAGAGGAGC 


ATAGGAGAGC AAAGGACjATC 


AGTGACCCAT 


10651 


GGCTTCCCCG 


GTGGCGCGGA 


ACAGCCCGGA GCCGCCTGTG 


ATTTGCATAC 


10701 


CCATGGTGCA 


CCACGAAAAG 


ATACCCTCAA GATGCTTGCA 


CTCCCTCTGT 


10751 


GCGCGCATTT 


CTGCACTGTT 


TTAGAGCATG ATGCCTCTTA- 


CACGCATCTG 


10801 


TGTGCATAAA 


CTACATATAG 


GGAGTGCGTA CCACGC2LGGC 


ATCCAACAA.C 


10831 


CATAAGTGTG 


TTAAGTGTTA 


GTTCTCCCTG CGAGGTTCGA 


AGCGGAAGTC 


10901 


ACGAATATAC 


TCGGGTTTCT 


CTTCAAAGCG CATAAATCTT 


TCGCCTTTTA 


10951 


CTAAAGATTT 


CCGTGGAGAG 


aaagttgtga GTTTTTATTC 


AATTTl^TTGA 


11001 


GGCCTCTTAT 


TTCCTGAGGC 


TACATTTTTA AGTATTAAAA 


GTTAGGCAAC 



11051 TACAAAAAAA AAAAAAAA 
Fig. 1 (cont) 
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Pro GLn lie Leu Gin Gly 

CCC CAG gt gt , . ag ATC CTA Cag GGC 

<- 67 bp 755 bp -5- «- 51 bp 
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